Abstract-We studied the effects of tricyclic antidepressants on the tetrabenazine (TB)-induced depletion of brain norepinephrine (NE) using rats. The test drugs were generally administered orally 3 hr before and 2 mg; kg of TB or reserpine (RES) admin istered subcutaneously 2 fir before sacri ice. The TB-induced NE depletion was enhanced by pretreatment with desmethylimipramine (DM1, 25-100 nmg;kg), imi pramine (IM, 25-100 mg/kg), chlorimipramine (100 nmg!kg), maprotyrine (50 mg-'kg), amitriptyrine (50-100 mg 'kg), chlorpromazine (CPZ, 5-20 mg' kg i.p.) and anmphetanmine sulfate (10 mg; kg). DMI partially suppressed TB-induced NE depletion at 0.5 hr after TB administration. The RES-induced NE depletion was not enhanced with these drugs except for amphetamine.
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The RES-induced NE depletion was not enhanced with these drugs except for amphetamine.
DMI, IM, and CPZ suppressed it instead. DM1 also enhanced the yohimbine (2 mg kg)-induced decrease. The brain NE content showed a tendency toward recovery 2 hr after TB administration, but approached the minimal level at 0.5 hr after TB administration or at 2 hr after RES administration in non-treated rats. In pargyline-pretreated rats, TB produced a decrease of brain NE with an increase of normetanephrine, while the action of RES was weaker than that of TB, up to 2 hr. These results suggest that enhancement of the TB-induced brain NE depletion by tricyclic antidepressants reflects the blockage of NE reuptake from the synaptic cleft.
Tricyclic antidepressants inhibit norepinephrine (NE) reuptake at the neuronal cell membrane and this effect is considered to be an important action mechanism of these drugs (1) (2) (3) (4) . These drugs also antagonize various pharmacological effects of reserpine (RES) and tetrabenazine (TB) (5-7), and such effects have been used as indicators of the anti depressant action. Although the effect of the antidepressants on RES-induced changes of biogenic amine metabolism has been studied usually with desmethylimipramine (DMI) (8, 9) , there are few reports in the literature on the TB-induced changes. We studied the acute effects of tricyclic antidepressants on the TB-induced and RES-induced depletion of brain NE and found that they enhance the former but not the latter.
MATERIALS AND METHODS
Seven-week-old reale Sprague-Dawley rats were used. The animals were exsanginated, the brain quickly removed, and the hemisphere which had been placed in acid-butanol or 0.4 N perchloric acid was homogenized and centrifuged. NE content of the acid-butanol extract was determined by the fluorimetric method of Chang (10) Table I shows the effect of IM pretreatment on the TB-induced depletion of the brain NE content. Pretreatment with 100 mg/kg of IM enhanced the NE depletion induced by 2 mg/kg TB, but not that induced by 10 mg/kg TB at 2 hr after TB administration. DMI pretreatment (50 mg/kg) also enhanced the TB (2 mg/kg)-induced NE depletion at 2 hr after TB administration, but partially suppressed it at 0.5 hr, had little effect at 1 hr, and enhanced it at 3 hr (not statistically significant) after TB administration (Table 2) .
Dose studies on the effects of several drugs on TB and RES-induced depletion of brain NE content
Effects of several drugs on TB and RES-induced depletion of the brain NE content were studied at 2 hr after administration of 2 mg/kg of TB or RES. As shown in Table 3 , IM and DMI enhanced the TB-induced NE depletion in doses of 25 mg/kg or more, but partially suppressed the RES-induced depletion at doses of 12.5 mg/kg or more, except at 25 mg/kg. Enhancement of the TB-induced NE depletion was also observed with CI (100 mg/kg), AT (50-100 mg/kg), MT (50 mg/kg), and CPZ (5-20 mg/kg i.p.). CPZ reduced the RES-induced NE depletion, while CI, AT and MT had no effect. Amphetamine en hanced both depletions. Effects of the highest doses of tested drugs on the brain NE level were also studied 3 hr after drug administration. No change of the NE level was observed with IM, DMI, MT and CPZ. CI, AT and amphetamine produced a slight decrease in the NE levels (data not shown).
Comparative effects of TB and RES on brain NE content
To elucidate the differential effects of antidepressants on TB and RES-induced NE depletion, the following studies were performed. First, we compared the effect of TB on the brain NE content with that of RES at doses of 2 mg/kg. As shown in Fig. 1 , after administration of TB, the brain NE content sharply decreased within 0.5 hr, then decreased gradually until a minimal level was reached at I hr, after which a gradual return to the control In rats in which the brain monoamine oxidase (MAO) activity was almost completely inhibited by pretreatment with 150 mg/kg of pargyline, TB produced a decrease in the brain NE content with an increase of normetanephrine (NM), up to 3 hr. However, RES induced only a slight decrease of NE with no change of NM, up to 2 hr, but did produce changes at 4 hr which were similar to those seen at 2 hr after TB administration (Fig. 2) . We then attempted to determine whether NE reuptake inhibition would produce a decrease of NE under the conditions of hypersecretion to the synaptosomal cleft, using DMI and yohimbine. As shown in Table 4 , the brain NE content slightly decreased 2 hr after s.c. administration of 2 mg/kg of yohirnbine and this decrease was enhanced by pretreatment with DMI at 12.5 mg/kg or more.
Effects of IM, DMI and CPZ on the RES-induced decrease of brain NE in pargyline pretreated rats
To clarify the action mechanisms of IM, DMI and CPZ in the reduction of the RES induced decrease of brain NE, experiments were performed using rats in which the brain MAO activity was almost completely inhibited by parglyine pretreatment. As shown in Table 5 , IM and DMI also suppressed the RES-induced NE decrease with an increase of NM in pargyline-pretreated rats, while CPZ enhanced these RES-induced changes. 
DISCUSSION
RES and TB, which are monoamine-depleting agents, exert similar biochemical effects on catecholamine (CA) stores by blocking the mechanism of amine storage granules (12) .
Although the action mechanisms of these two agents are generally considered identical, tricyclic antidepressants enhanced the TB-induced NE depletion but not the RES-induced depletion. DMI, IM and CPZ tended to suppress the RES-induced depletion, as was also observed by other researchers (8, 13) . In our experiments, the brain NE contents were usually determined 2 hr after the administration of 2 mg/kg of the depleting agents. At that time, the brain NE content was recovering from its TB-induced reduction to a minimal level. This shows that the mechanism of the amine storage granules had fairly recovered from the TB effect. In the case of RES, the amine storage mechanism remained blocked as the brain NE content approached a minimal level. TB caused a faster decrease in NE and increase in NM than RES in rats in which brain MAO activity was almost completely inhibited by pargyline treatment. This shows that TB has a stronger effect than RES on NE release to the synaptic cleft until 2 hr. As TB has no effect on the neuronal cell mem brane, this release is probably due to diffusion from the cell. Tricyclic antidepressants inhibit NE reuptake from the presynaptic cell membrane and also affect the mechanism of NE storage granules (14, 15) . Therefore, enhancement of TB-induced NE depletion with tricyclic antidepressants reflects their blockage of NE reuptake, while inhibition of RES induced NE depletion with DMI, IM and CPZ pretreatment could be explained by their prevention of RES-induced blockage of the storage granule mechanism. This was supported by the findings that DMI suppressed NE depletion at 0.5 hr after TB administration when TB had a fairly strong effect on the storage granules.
DMI and IM also suppressed the RES-induced NE decrease with an increase of NM in pargyline-pretreated rats, while CPZ enhanced these changes. This suppression can also be explained by their prevention of RES-induced blockage of the storage granule mechanism.
As CPZ has an adrenergic blocking effect (16, 17) , NE secretion was probably enhanced through a negative feedback control mechanism and the NE releasing action may have exceeded the suppression of NE decrease by its protection against the effect of RES on the granules. Yohimbine blocks presynaptic receptors, causing hypersecretion of NE (18, 19) . In our study, DMI enhanced the yohimbine-induced decrease of brain NE content, thereby providing evidence that inhibition of NE reuptake under hypersecretion of NE results in a decrease in NE content, and also supports the hypothesis that enhancement of TB-induced NE depletion strongly reflects a blockage of NE reuptake. DMI reduces the firing rate of central NE which is probably mediated through a negative feedback mechanism (20, 21) and yohimbine blocks the inhibition by DMI (21) . Therefore, our findings that the doses of DMI causing enhancement of the yohimbine-induced NE decrease were lower than those causing enhancement of the TB-induced depletion probably resulted from blockage of the DMI-induced inhibition of NE neurons by yohimbine.
CPZ, an antipsychotic drug, also enhanced the TB-induced NE depletion, and thus blocked NE reuptake. A similar suggestion had been made by other researchers regarding the uptake of labeled NE in peripheral tissues (22) and in the brain (1, 23) . However, as CPZ is an adrenergic blocking agent (16, 17) , the possibility remains that the enhancement of TB-induced NE depletion increases with hypersecretion of NE.
Amphetamine, which accelerates NE release and blocks NE reuptake (24), enhanced both TB and RES-induced NE depletion, unlike CPZ and tricyclic antidepressants.
Methods for studying blockage of NE reuptake include inhibition of labeled NE ac cumulation in tissues from the incubation medium using tissue slices (25) or homogenates (26) and inhibition of the accumulation of administered labeled NE in organ tissues in vivo (3, 23) . As NE accumulates in the NE storage granules within neuronal cells (27) , the actual amount of indicator measured in these methods is thought to be that of the labeled NE in the storage granules. Other in vivo methods involved the inhibition of the NE depletion induced by a-methyl-m-tyramine derivatives (28) or guanethidine (29) in the brain or heart.
These agents enter the NE storage granules, expel the endogenous NE and deplete the tissue NE content (30) . Therefore, it is difficult to distinguish the inhibition of NE reuptake of the cell membrane from the inhibition of NE uptake into the storage granules. The decrease of metaraminol accumulated by adrenergic neurons caused by TB in rats pretreated with antidepressants is said to reflect inhibition of NE reuptake by the cell membrane (31).
However, although the mechanism of metaraminol reuptake is similar to that of NE, it is not identical. In contrast with these methods, our results showing enhancement of TB induced NE depletion reflect a fairly selective inhibition of NE reuptake from the synaptic cleft.
We conclude that tricyclic antidepressants enhance the TB-induced NE depletion at 2 hr after administration of 2 mg/kg of TB, thereby reflecting the fairly selective inhibition of NE reuptake from the synaptic cleft.
